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® A communication system for transmitting and 
receiving terahertz signals has a emitter employing a 
resonant radiating antenna (5) connected to an ul- 
trafast switch (6). The switch (6) is a subpicosecond 
photoconducting switch coupled to a coplanar trans- 
mission line (11) having a pair of approximately 1 
micron wide A1 lines deposited on an SOS sub- 
strate. The transmission line (11) is separated from 
the tip of the antenna (5) by a photoconducting gap 
forming the switch and is driven by a laser pulse. 
Utilizing the gap excitation principle, the transmitting 
antenna (5) radiates a freely propagating signal that 
may be received by an identical structure either on 
the same or on different substrates. 
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INTEGRATED TERAHERTZ ELECTROMAGNETIC WAVE SYSTEM 



This invention relates to the generation of sig- 
nals in the terahertz frequency range and the de- 
tection thereof. 

An aspect of computer cycle speed is the time 
necessary for communication between logic cir- 
cuitry and/or memory circuits. By increasing pack- 
ing density and reducing the physical space be- 
tween such elements, processing speeds may be 
increased by decreasing the signal path length. 
There are limits on packing density given problems 
of signal crosstalk, heating and the like. Thus other 
techniques for increasing system speed are need- 
ed once the option of increasing device packing 
density has been fully utilized. A corresponding 
requirement to attain higher processing speeds is 
the need for timing circuits which operate at very 
high frequencies yet provide stable clock pulses, 
uniformly distributed in time. 

Early attempts to generate subpicosecond sig- 
nals are reported in Auston, "Subpicosecond 
Electro-Optical Shock Waves", Appl. Phys. Lett. 43 
(8) Oct. 1983, pp. 713-715 and Auston et a!, 
"Cherenkov Radiation from Femtosecond Optical 
Pulses in Electro-Optic Media", Phys. Rev. Lett. 53 
1555, Oct. 1984. 

Reference is made to M.B. Ketchen, et al, 
"Generation of Subpicosecond Electrical Pulses on 
Coplaner Transmission Lines", Appl. Phys. Lett. 
48(12), 24 March 1986, pp. 751-753. This publica- 
tion describes techniques to generate ultrashort 
electrical pulses by photoconductively shorting 
charged transmission lines and narrow gaps. As 
reported in that article, a transmission line having a 
design impedance of 10012 was made using three 
parallel 5-um wide aluminum lines which were sep- 
arated from each other by 10-um. That transmis- 
sion line together with its contact pads was fab- 
ricated on an undoped silicon on sapphire (SOS) 
wafer, which was subsequently ion implanted to 
shorten the carrier lifetime. The transmission line 
was photoconductively shorted utilizing 80fs laser 
pulses. The exciting beam had a spot diameter of 
10um which bridged two of the three parallel trans- 
mission lines in a "sliding contact" arrangement. 
By utilizing a sampling beam coupled to a mul- 
tichannel analyzer, subpicosecond electrical pulses 
were measured having an actual pulse width less 
than 0.6psec. 

U.S. Patent 4,251,130 defines a pulse gener- 
ator using an optical gate to generate subr 
picosecond pulses. Pulses are created by having 
light pass back and forth between the facets of a 
waveguide in synchronism with a bias signal. The 
coupling characteristic is controlled along an op- 
tical direction coupler by the narrow band bias 



signal such that a zero coupling occurs only in the 
region about the zero points of the travelling bias 
signal. 

U.S. Patent 4,372,643 describes an ultrafast 
5 gate employing a transmission line with a standing 
wave set-up along it. The 643 patent employs a 
resonant electric signal circuit to generate large 
amplitude signals while consuming relatively little 
signal power. 

io While not prior art to this invention, DeFonzo et 
al in "Transient Response of Planar Integrated Op- 
toelectronic Antennas", Appl. Phys. Lett. 50 April 
1987, pp. 1155-1157 and "Optoelectric Transmis- 
sion and Reception of Ultrashort Electrical Pulses", 

75 Appl. Phys. Lett. July 1987, pp. 212-214, reports 
the use of planar antenna structure fabricated on a 
radiation-damaged silicon-on-sapphire substrate for 
the detection of .picosecond pulses. 

Also, reference is made to Smith et al, 

20 "Subpicosecond Photoconducting Dipole Anten- 
nas", IEEE J Quantum Elect. 24, Feb. 1988, No. 2, 
pp. 255-260, which, while not prior art to this inven- 
tion, discusses the generation of subpicosecond 
electrical pulses, the use of small dipoles for trans- 

25 mission and coherent detection. 

It is an object of this invention to define an 
integrated terahertz electrical wave system for gen- 
erating and detecting freely propagating terahertz 
waves for use in communication systems. 

30 It is a further object of this invention to provide 

a communication system capable of transmitting 
and receiving terahertz signals. 

Yet another object of this invention is to define 
a standing wave oscillator capable of generating 

35 pulses at terahertz frequencies. 

These and other objects of this invention are 
accomplished by the use of a pulse generator 
system operating in the ultrahigh frequency re- 
gime. 

40 The emitter of this system consists of a reso- 

nant radiating structure connected to an ultrafast 
switch. The requirement on the speed of this 
switch is that the bandwidth corresponding to its 
turn-on time is greater than the characteristic fre- 

45 quency of the radiating structure, i.e. the switching 
speed is significantly faster than the period of the 
oscillation. 

The fast switch is here composed of a sub- 
psec. photoconducting switch connected to a 
so copianar transmission line. The transmission line 
has a pair of 1 micron wide aluminum lines sepa- 
rated by 2 microns. The lines are deposited on an 
ion implanted silicon-on-sapphire (SOS) substrate 
which is ideal for the photoconducting switch fab- 
rication. The transmission line is separated from 
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the tip of the radiating structure by the photocon- 
ducting gap which is typically 5 microns wide. 

The photoconducting switch (gap) is driven by 
a laser pulse of subpsec. duration and with the 
sufficient energy to create a large transient popula- 
tion of carriers. 

The radiating structure itself is a 1 micron wide 
aiuminum line deposited on the same substrate. It 
will appreciated that this width may be varied de- 
pending on the application. Its length is adjusted to 
the desired period of oscillation. It has been dem- 
onstrated that a line 150 microns long yielded as 
expected radiation with a 5 psec oscillation period. 
The structure is end-fired by the photoconductive 
switch described above. The other end of the ra- 
diating structure is connected to a biasing network 
through a large high-frequency impedance disconti- 
nuity. 

Utilizing the gap excitation principle, employing 
a transmitting antenna which radiates with its char- 
acteristic 5psec oscillating period, a freely propa- 
gating signal may be observed utilizing a receiving 
antenna of identical design located at a remote 
point. Such is useful for on-chip signal propagation 
without the requirement for guiding structures. This 
matched pair then, allows for communication, in- 
trachip or interchip (i.e., chip to chip communica- 
tion) for both logic and memory. 

This invention will be described in greater de- 
tail by referring the formal drawing and the descrip- 
tion of the preferred embodiment that follow. 

In the drawing 
Fig. 1 is a schematic view of the essential 
structure used in accordance with this invention, 
and 

Fig. 2 is a schematic view of a modified 
transmitter used in the Fig. 1 embodiment. 

Referring now to Fig. 1 transmitting antenna 
and a receiving antenna in accordance with this 
invention is depicted. The transmitting antenna 
comprises a thin line 5 approximately 1 micron 
wide, and 0.5 micron thick and of a length equal to 
1/4 wavelength of the desired frequency of radi- 
ation. This line is terminated on one end by an 
ultrafast switching device 6 and on the other end 
by the large connecting pad 8. The electrical con- 
nection to this connecting pad will be understood 
by those of working skill and thus is not described 
herein in detail. 

An example of the ultrafast switching device is 
the ultrafast photoconducting switch 6 connected to 
the coplanar transmission line 1 1 composed of two 
parallel metal lines fabricated on an insulating sub- 
strate. Typically, the design impedance for the line 
is approximately 100 ohms corresponding to a line 
separation twice that of the linewidth. Suitable lines 
can be made of 0.5 micron thick aluminum with 
line-widths from 1 micron to 10 microns. The metal 



pad 8 is connected to the bias source of voltage 9 
for the operation of the ultrafast switch. It is reem- 
phasized that the general requirement for the 
switch is that it should be fast compared to the 
5 period of oscillation of the antenna. For the case of 
this invention with the 150 micron long antenna 
fabricated on sapphire, the period is 5 psec. An 
operable switch which is used is the photoconduc- 
tive gap as described in Auston (Supra.) and 

10 Ketchen et al (Supra.). Here, the switch is a simple 
5 micron gap between the antenna and the trans- 
mission line. For operation of the switch, the metal- 
lurgy must be deposited on an ion-implanted SOS 
wafer as described in Ketchen et al. 

75 Typically, the gap is biased at about 5 volts for 

operation, and it is shorted by an ultrashort laser 
pulse of subpsec duration. This transient excitation 
of the gap excites the tuned quarter wave antenna 
structure and an oscillation at this wavelength oc- 

20 curs. The antenna thereby radiates this characteris- 
tic wavelength radiation 13, which can propagate 
off-chip to other remote sites. The receiving an- 
tenna 15 is an identical structure to the transmitter 
5, except for the absence of the bias voltage. Via 

25 the ultrafast switching device 17, the receiver is 
connected to the transmission line 19. This high 
bandwidth line leads to, for example, the logic and 
memory circuitry being activated and controlled by 
the received radiation. The transmission line 19 is 

30 similar to the transmission line 11, but does not 
need to be identical. Again, the requirement on the 
ultrafast switching device 17 is that it be faster than 
the period of the received radiation. 

For the particular preferred embodiment, the 

35 photoconductive switch is employed, which also 
requires that the detector be also fabricated on an 
ion-implanted SOS wafer. This switch is a 5 micron 
photoconductive gap driven by a second synchro- 
nized focused subpsec laser pulse. Depending on 

40 the switching sequence, positive or negative pulses 
can be generated on the transmission line cor- 
responding to the time dependent voltage across 
the gap caused by the received radiation. 

An alternative transmitter is shown in Fig. 2. 

45 This transmitter may be used in the Fig. 1 system. 
This design simply requires the antenna 21, now 
1/2 wavelength in total length, composed of two 1/4 
wavelength sections separated by an ultrafast 
switching device 23. Again, for the proposed em- 

50 bodiment we use a photoconductive gap for the 
ultrafast switch. This switch works in the same way 
as described above, and is driven with a subpsec 
laser pulse. The antenna radiates its characteristic 
radiation 27. 

55 

Claims 
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1. A system for generating and transmitting 
terahertz frequency pulses comprising: 
an ultrafast switch (6) including a first transmission 
line segment (11); 

a !aser source producing output pulses driving the 5 
ultrafast switch (6) connected to a transmitting an- 
tenna (5), said transmitting antenna (5) positioned • 
and spaced with respect to said transmission line 
(11) to create an excitation gap between an end of 
said transmitting antenna (5) and the transmission w 
line (11), wherein pulses from said laser pulses 
excite said excitation gap to produce a periodic 
terahertz oscillation transmitted by said transmitting 
antenna (5). 

2 The system of claim 1 comprising 75 
(A) a transmitter comprising; 

(1) an ultrafast switch (6) having a first trans- 
mission line segment (11) comprising a pair of thin 
conductive wires on a insulating substrate; 

(2) a laser source producing output pulses to 20 
drive the ultrafast switch (6) connected to an an- 
tenna (5), said antenna positioned and spaced with 
respect to said first transmission line (1 1 ) with an 
excitation gap between an end of said antenna (5) 

and said first transmission line (1 1 ), such that laser 25 
pulses excite said excitation gap to produce a 
periodic terahertz oscillation, and (B) a receiver 
comprising; 

(1) a second ultrafast switch (17) having 30 
transmission line segment (19) comprising a pair of 

thin conductive wires on a insulating substrate; 

(2) a second antenna (15) spaced from said 
second transmission line segment (19) to create an 
excitation gap between an end of said antenna (15) 35 
and said second transmission line segment (19) on 
receiving circuitry response to inputs from said 
second antenna (15) to sense said periodic 
terahertz oscillation transmitted. 

3. The system of claim 1 or 2, wherein said 40 
antennas (5, 15) are resonant emitters and/or re- 
ceivers tuned by changes in their length. 

4. The system of anyone of the claims 1 to 3, 
wherein said antennas (5, 15) comprise a 1um 
wide line having a length equal to 1/4 wavelength 45 
of the desired frequency of said transmitted oscilla- 
tion. 

5 The system of anyone of the claims 1 to 4, 
wherein, said transmitting antenna (5) comprises a 
thin conductive wire on an insulating substrate, said 50 
wire having a length approximately 150um, said 
excitation gap being 6um. 

6. The system of anyone of the claims 1 to 5, 
wherein said laser source comprises a compen- 
sated, colliding pulse passively mode-locked dye 55 
laser. 

7. The system of claim 6, wherein said laser 
source produces said output pulses at 80fs at a 



100MHz repetition rate. 

8. The system of anyone of the claims 1 to 7, 
wherein each of said transmission line segments 
(11,19) are mounted on different substitutes. 

9. The system of claim 8, wherein each of said 
tramsmission line segments (11, 19) are mounted 
on the same substrate. 

1 0. The system of anyone of the claims 1 to 9, 
wherein each of said transmission line segments 
(11, 19) comprises a pair of 1um aluminum lines 
separated by 2um, and said substrate is an ion 
implanted silicon on sapphire material. 

11. The system of claim 1 or 2, wherein a 
transmitter is used comprising: 

an antenna (21) having i wavelength in total 
length, composed of two i wavelength sections 
separated by the ultrafast switch (23) driven by the 
laser source. 
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